It is recognised that, in paraplegic walking with reciprocating gait orthoses, inadequate hip flexion angles may contribute to the low walking speed and high energy cost. In this study a new orthotic hip joint was developed which had a 2: I flexion extension coupling ratio.
Introduction
Modern mechanical orthoses such as the ORLAU Para Walker I and the Louisiana State University
Reciprocating Gait Orthosis (RGO) 2 have been widely used to provide limited walking for paraplegic persons.
These systems combine trunk and leg braces to prevent collapse of the lower limbs and the wearer achieves forward progression using elbow crutches or a walking frame to raise the trunk and to allow the swinging leg to progress forward. The energy cost of reciprocal gait for paraplegic individuals is up to six times the energy cost for using a wheelchair, and the speed of walking is about a quarter the speed of wheelchair ambulation, so that the users gain only limited functional benefits.
. 4
In order to enhance the efficiency of paraplegic walking, functional electrical stimulation (FES) has been used in association with mechanical orthoses. 
Methods
The new hip joint and the assessment orthosis 
Patient study
Three paraplegic volunteers attending the Queen Elizabeth National Spinal Injuries Unit participated in the study, and their particulars are listed in Table 1 .
The study was approved by the local hospital Ethics
Committee. All protocols were explained to, and an informed consent was obtained from, each subject. Muscle conditioning using FES was prescribed when necessary.
A Angle-Angle Diagram (normal walking) 
Results
In the first series of experiments where the effect of hip FECR was studied, all subjects felt that the leg was easier to swing through with 2: I FECR. Referring to In the second series of tests, as showed in Table 3 , the FES assisted hip flexion, compared with no FES, was associated with significantly (P < 0.05) reduced PCI and crutch force impulse and with increased walking speed and stride length. On average, the subjects tested with FES assisted hip flexion walked 13% faster, with 42% lower PCI, 17% lower crutch impulses and 5% longer stride length.
Discussion
The hypothesis tested in this programme was that the new orthotic hip joints providing 2: I FECR would increase step length and walking speed leading to reduction in energy cost. The result of the patient study 
Conclusion
The new orthotic hip joint with 2: 1 hip flexion to extension coupling ratio was associated with a moderate reduction in energy cost and with a slight increase in step length. An application of FES assisted hip flexion markedly reduced energy cost, moderately reduced crutch impulses and increased walking speed.
